Workers accept NO2-and N20 as intermediates of denitrification, the dissimilatory reduction of N03-to N2, but some question the place of NO in the scheme. Even so, evidence consistent with an intermediate role for NO continues to accumulate (9, 17) . Under rigorous conditions, NO emerges as the major product (>95%) of the action of the purified, reduced c,d1 cytochrome nitrite reductase of Pseudomonas aeruginosa (7, 8) . The nonheme, copper protein nitrite reductases of "Achromobacter cycloclastes" and Alcaligenes sp. NC1B 11015 also yield NO as the product of NO2 reduction (11). Measurements by Bessieres and Henry (1) indicated that two electrons (2e-) are consumed during the reduction of NO2-by NADH-phenazine methosulfatereduced, purified nitrite reductase of P. aeruginosa, which suggests that N2O is the product of NO2 reduction. Under the conditions of their experiments, however, NO was the major product throughout 60 min of incubation.
denitrificans, "Achromobacter cycloclastes," and Rhizobium japonicum gave, respectively, H+/NO ratios of 3.65, 4.96, 1 .94, and 1.12. Antimycin A completely inhibited NO-dependent proton translocation in P.
denitrificans and severely restricted translocation in the R. sphaeroides strain. Proton uptake during NO respiration with antimycin A-inhibited cells supplied with an artificial electron source provided evidence for the periplasmic consumption of protons. Values obtained were consistent with the expected ratios of 0.5 mol of H+/mol of NO for reduction of NO to N20 and 1.0 mol of H+/mol of NO for reduction of NO to N2. These data are consistent with the presence of a unique NO reductase found only in anaerobically grown denitrifying cells.
Workers accept NO2-and N20 as intermediates of denitrification, the dissimilatory reduction of N03-to N2, but some question the place of NO in the scheme. Even so, evidence consistent with an intermediate role for NO continues to accumulate (9, 17) . Under rigorous conditions, NO emerges as the major product (>95%) of the action of the purified, reduced c,d1 cytochrome nitrite reductase of Pseudomonas aeruginosa (7, 8) . The nonheme, copper protein nitrite reductases of "Achromobacter cycloclastes" and Alcaligenes sp. NC1B 11015 also yield NO as the product of NO2 reduction (11) . Measurements by Bessieres and Henry (1) indicated that two electrons (2e-) are consumed during the reduction of NO2-by NADH-phenazine methosulfatereduced, purified nitrite reductase of P. aeruginosa, which suggests that N2O is the product of NO2 reduction. Under the conditions of their experiments, however, NO was the major product throughout 60 min of incubation.
A number of denitrifiers convert enthetic NO to N20 by using enzymes apparently tightly associated with the cell membrane. Recently, treatment with especially mild detergents was reported to separate the NO2--and NO-reducing activities in extracts of Paracoccus halodenitrificans (6) . Moreover, use of the metal chelator diethyldithiocarbamate revealed that the activity of the nonheme, copper protein NO2-reductase of "A. cycloclastes" and Rhodopseudomonas sphaeroides subsp. denitrificans can be obliterated without inhibition of the NO-reducing capacity in the same extracts (14) . Apparently, NO reductase activity in those bacteria is not simply a secondary reaction of N02 reductase. In other studies, use of the oxidant pulse technique of Scholes and Mitchell (12) showed that respirationdriven proton translocation occurs during NO reduction in Paracoccus denitrificans (5 To test the effects of antimycin A on proton translocation, cells shown by preliminary assays to translocate protons when pulsed with N-oxides were exposed to antimycin A for 15 min. Ascorbate and tetramethyl-p-phenylene diamine (TMPD) were added to final concentrations of 10 and 0.6 mM, respectively. The test N-oxides were added at twice the concentrations indicated before.
RESULTS
When grown anaerobically with NO3-, cell suspensions of all organisms used in this study exhibited transient proton translocation in response to additions of NO as well as NO2 and N20. Addition of the uncoupler, carbonyl cyanide-mchlorophenylhydrazone during respiration-driven proton translocation with any of the N-oxides quickly collapsed the proton gradient. H+/N-oxide ratios for all four denitrifiers are shown in Table 1 , and tracings of pH changes after additions of NO to cell suspensions appear in Fig. 1 . When the denitrifiers used in this study were grown aerobically, addition of NO did not result in pH changes after correction for effects of contaminating NO2. Since the H+/e--acceptor ratios differed for each denitrifier tested, the results for each are presented separately. P. denitificans. P. denitrificans is the only denitrifier for which NO respiration-dependent translocation of H+ has been demonstrated previously. The translocation values predicted from the model of the electron transport chain of P. denitrificans (3) . With this model and the added assumption of an NO reductase, the predicted H+/2e-value for NO respiration is 6.0 to 7.0. Correcting the H+/NO value obtained in this study upward by 10% as suggested by Garber et al. (5) NO3-reduction to N02-(2), but with such small H+/Noxide ratios for reduction of the other N-oxides, energy conservation during denitrification may be relatively inefficient.
Effect of antimycin A. At a concentration of 7.5 ,ug/ml, antimycin A inhibited NO-dependent H+ translocation completely in P. denitrificans. Addition of NO to cells incubated with the inhibitor resulted in no change from the base line. In the presence of ascorbate-TMPD as an artificial electron source, addition of NO resulted in a rapid alkalinization of the medium caused by reduction of NO to N20 or N2 (Fig.  2) . Proton uptake stoichiometries during N-oxide reduction with ascorbate-TMPD are shown in Table 2 denitrificans precludes serious comparison of the proton translocation stoichiometries determined for these denitrifiers. H+/N-oxide ratios for the phylogenetically related species R. sphaeroides subsp. denitrificans and P. denitrificans indicate close similarity of organization and energy conservation efficiency for the denitrification-linked electron transport chains of these bacteria. Our findings are consistent with provisional acceptance of a correlation between capacity for energy conservation and NO respiration in all of these denitrifiers. The toxicity of enthetic NO for growth of denitrifiers and the lack of experimental demnonstration of ATP synthesis during NO respiration preclude an unqualified assumption that NO respiration yields energy for growth or metabolism, however.
Proton uptake at the expense of ascorbate-TMPD provides' useful but not yet definitive information on the cellular location of the proton-consutning site of the N-oxide reductases. As the membranes of P. denitrificans and R. sphaeroides are relatively impermeable to protons, those proton-consuming reactions occurring periplasmically will be detected; cytoplasmically occurring reactions will not be readily detectable. The rapid consumption of protons by both organisms after addition of NO is consistent with a periplasmic location for the proton-consuming sites of the NO reductases. Both N02 and N20 reductases reportedly exhibit a similar orientation in both these organisms.
The role of NO as an intermediate in denitrification may still be questioned, but this work and other recent work (5) have shown that NO is reduced by an enzyme system present in typical denitrifiers only when grown anaerobically with N-oxides as electron acceptors. Moreover, that enzyme system is not NO2-reductase (14) . Purified nitrite reductase generates but does not reduce NO in significant quantity (8, 11) .
